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Abstract
The paper conducts the numerical analysis of l10 / 215 Interchange bridge model under the action of seismic kinematic base 
disturbances in the software package MSC Patran / Nastran. It investigates different aspect and problems arising from numerical 
model creation and results data validation with the real-scale object. The numerical model of the bridge was created in MSC 
Patran using the structural parameters, presented in paper [1]. The input acceleration diagram for kinematic base excitation was 
taken also from that paper. Dynamic calculation results were compared with the data of measurement of vibration levels on the 
bridge during the passage of the seismic wave.
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1. Introduction
The paper conducts the numerical analysis of l10 / 215 Interchange bridge model, presented in Fig. 1, under the 
action of seismic kinematic base disturbances in the software package MSC Patran / Nastran. Information about the 
structure of the bridge and sensor’s location as well as seismic data was taken from the article [1].
The 2540-foot long, multi-span, curved 110/215 interchange bridge near San Bernardino was extensively 
instrumented by the California Strong Motion Instrumentation Program (CSMIP) in cooperation with the California 
Department of Transportation (Caltrans). The locations of the sensors on this freeway interchange bridge were 
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carefully planned to achieve specific instrumentation objectives. Significant sets of strong motion records were 
obtained from this bridge during the magnitude 7.5 Landers and the magnitude 6.6 Big Bear earthquakes of June 28, 
1992.
Fig. 1. l10 / 215 Interchange bridge location near San-Bernardino.
The epicenters of these earthquakes were about 50 and 30 miles (80 and 48 km) from the bridge, respectively. 
The maximum ground acceleration at the bridge was about 0.10 g for both earthquakes. The relative motion of the 
deck across the hinges was recorded and is characterized by sharp spikes in the acceleration records with a peak 
value as high as 0.81 g during the Landers and 1.02 g during the Big Bear earthquake. Without the spikes the peak 
acceleration on the bridge would be about 0.40 g during the Landers and 0.30 g during the Big Bear earthquake. The 
Landers records show that the bridge structure had a period of about 1.7 seconds in the transverse direction and 1.0 
second in the longitudinal direction. The maximum relative displacement between the deck and the footing of a 57-
foot column was about 16 cm in the transverse direction and 5 cm in the longitudinal direction during the Landers 
earthquake. The maximum relative displacement across one of the hinges during the Landers earthquake was 1.2 cm 
in the transverse direction and 3.6 cm in the longitudinal direction.
A 36-sensor instrumentation plan for the bridge was developed by CSMIP in 1988. The instrumentation plan was 
based on past experience in instrumenting bridges and suggestions from researchers who studied strong-motion data 
from other instrumented bridges. It also considered the guidelines for instrumentation of highway bridges developed 
by Rojahn and Raggett (1981). The proposed sensor locations were reviewed by experts in the seismic response of 
bridges, including Caltrans staff. CSMIP staff then finalized the instrumentation plan based on the comments and 
recommendations of the reviewers. The final instrumentation plan includes 34 accelerometers on the structure as 
shown in Figure 2, two strain gauge sensors on Bent 8 and three sensors at a free-field site. The two strain gauge 
sensors at Bent 8 were not installed because of the column encasement. The 34 sensors on the bridge structure were 
connected with the central recorders located at Bent 3 by cables in conduit. Installation of the instrumentation system 
on the bridge was completed with Caltrans assistance in January 1992 following the completion of the seismic 
retrofit.
The sensors location are shown in Fig. 2 according to [1].
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Fig. 2. Plan and elevation views of the of the I10/215 interchange bridge near San Bernardino. Sensors location and directions are indicated.
The main cause for choosing this type of structure is that the sensors, located on the bridge, measure not only the 
horizontal accelerations at different points of the bridge, but also the vertical ones. So the problem of wave 
propagation through the structure in vertical direction can be studied and finite element model verified. Because a lot 
of problems arise when creating the model as shown in [3, 4], this work mainly studies the numerical creation 
problems. We hope to present the full numerical dynamic analysis shortly.
Time history of the seismic wave is shown in Fig. 3.
Fig. 3. Accelerations in the vertical direction at the deck and footing of Bent 8 of the I10/215
interchange bridge during the 1992 Landers earthquake
2. Numerical model
Finite element model was created in MSC Patran preprocessor using the proposed elements and material 
properties. 
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Columns were created as Beam elements with proper octagonal cross-section. The span of the bridge is a 
reinforced concrete box with a wall thickness of 15 cm, modeled using Shell elements. The foundation pads were 
also created as Beam elements 6h1m section. All structural components are modeled from concrete B35 material 
property. Elements of the bridge were divided into finite element mesh with topology Quad4 and Bar2 and different 
partition. The ramp to the bridge was simulated using solid elements as well as the ground underneath the bridge. 
Created model from different angles is shown in Fig. 4.
a)
b)
Fig. 4. l10 / 215 Interchange bridge model. (a) the ramp to the bridge; (b) the middle-span of the bridge.
The seismic ground motion was simulated using enforced acceleration applied to nodes at the columns’ base 
where the specified sensors were located. The input data was derived from [1] and applied in MSC Patran using .csv 
import feature. Both the full time history analysis was performed in direct formulation – SOL 109 and normal modes 
analysis using SOL 103 solution sequence [2].
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3. Analysis results
The calculation involves determining the frequency of free oscillations of the interchange, which later were used 
in the analysis of the results of the dynamic calculation and identification of the factors leading to an increase in the 
resonant oscillation elements of bridge structures with multi-component seismic impact on the ground. The 
performed comparison with the results of experimental studies allowed to build a reliable methodology for the 
calculation of structures of this type in the software package.
Fig. 5 plots the acceleration graph for the middle-span vertical vibration during seismic event.
Fig. 5. The acceleration values on the base.
The analysis shows good convergence with theoretical basis [3, 4], but the decay of free oscillations was far from 
experimental data. Further analysis should be performed on the determination of intrinsic damping material and 
overall structural damping characteristics to achieve better results.
4. Conclusion
At the end of the calculation of acceleration values on the base were obtained (Fig. 5), in the column and in the 
span on the horizontal and vertical components. The data in the form of a table can be compared with the maximum 
values of acceleration taken from [1].
     Table 1. Comparing horizontal components.
Element ɝɆ ɝɆ Result (M7.8) Convergence
The base 0.16 0.24 0.31 52%
The column 0.18 0.15 0.15 83%
The span 0.4 0.3 1.27 24%
     Table 2. Comparing vertical components.
Element ɝɆ ɝɆ Result (M7.8) Convergence
The base 0.07 0.11 0,31 23%
The column 0.11 0.08 0,29 28%
The span 0.45 0.33 0,08 24%
This work provides the basis for the further complication of this type of modeling of structures under seismic 
vibrations of the ground. During the work, we got the results that can be correlated with data obtained directly during 
the test. Based on these data, you can adjust the model, specifying the construction of nodal connections and expand 
the scale model, the addition of subgrade construction and testing of interaction with him.
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